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THEORY .OF ELECTRICITY AND MAGNETISM 



COURSE DESCRIPTION 

"^^^ Theory of Electricity and Magnetism is a course in classical 
electricity and magnetism at the col leae-preparatory high school 
level. The material covered spans the field from elementary 
observations on static electricity to the work of Max'well. 

The course will furnish the student with the background information 
and manioulative techniques necessary for f u r the r ohys i cs study, 
especially in Mode rn Phys i cs . 



ENROLLMEMT GUIDELINES 



This course is designed for the student with skills obtained in 
Ki nema t i cs , Dynani cs I ^ Light Theory and Algebra . Suggested ore 
reaui s i t i es are Advanced Algebra and Geone t ry . A suggested co- 
requisite is Tr i gonome t ry . 



TEXTBOOKS 



1. Genzer and Younger. Phys i cs . Morristown, New Jersey: Silver 

Burdett Company, 1969 . 

2. M M le r . 0; I Ion , and. Snith. Concepts in ^hvs ! cs New York: 

Harcourt, Brace, Jovanov i ch , 1969 . ■ 

3. Physical Science Study Committee. Phv ^ i cs , 2nd ed. Boston: 

D. C. Heath and Company, 1965- 

Rutherford, et al . The Project Phys i cs Cou rse : k Light and 
E 1 ec t ronaane t i srri , New York: Holt. Rineha^t and v/ ins ton, 
inc. , 1968. 

5. Williars, et al. .Mpde rn Phys I cs , rev. NewYork: Holt\ Rioeharl 
and Viinston, Inc., 1 968 . 

The Author'zed Interim Version, 1968'-69 (chaoters 1^, 15, 16) was 
used in the preoaration of this course. 



P£ftFORHANCE OBJECTIVES 



The 5 tuden t v;i 1 1 : 

1. Survey the ancient history of electrostatic and magne cos t at i c 
obse rva t i ons . 

2. Observe some of the elementary electrostatic exoeriments, including 
electrostatic Induction. 

3. .Discuss critically the postulation of electric charge as an explanation 

for electrostatic effects. 

Describe the Cou 1 onb-Cavend i sh electrostatic force law experinent. 

5. Discern the auantun nature of electric charge and recognize the . 
common unit of charge by observing or performing the Millikan oil 
drop exoe r i men t - 

6. Cite evidence for the 'conservation of electric charge. 

. -7. Observe the demonstration of electrostatic "field patterns". 

8. Define the electric field. 

9. Define e 1 ec t r i c poten t i a 1 difference (voltage) betv;een two ooints. 
10 Define electric current. 

11. : D i b t ingu i sh between steady (DC) and non- s Leady current. 

12. Note the graph i ca 1 • re 1 at i on betvveen current and voltage for vai'ious 
materials and states- 

13. Define an ohmic material as_one i n v;h i ch current is directly oro- 
Dortional to acolied voltage. 

1^. -Examine the lavvS of e.lemeptary electrical circuits, including pov/er 
d i ss i Da t i on . 

15. Reviev^ the history of magnetos t at i c effects un to the time of Gilbert. 

16.. Observe the demonstration of magne tost at i c f i e Id oatterns (as eg. 
via i ron filings) 



PERFORMANCE. OB JECTIVES ' (Con I i nued) 

17. Describe Oersted's discovery of a connection betv;een electricity 
and magne t i sm. 

18. Describe Ampere ' s' d i scove ry that currents exert forces on other 
cu r ren ts i n vv i res . 

19* Write the- relation between the magnetic field, the electric charge, 
the velocity of the charge, and the magnetic force acting on the . 
charge, including directional properties. 

20. Repeat or observe the Faraday electromagnetic induction experiment. 

21. State Faraday's Law of electromagnetic induction. 

22. Examine the application of Faraday's Lav; to devices such as electric 
generators and voltage/current transformers. ■ 

'23- Note Faraday'? discovery of an interrelation betv;een light and 
e lectromagnet i sm i n the Faraday Rotation of the plane of 1 ight 
pol ar i zat i on i n matter in a magnetic field. 

24. Discern the recuirement for Maxwell^s proposal of a displacement 
current. 

25. Distinguish between a conduction current and a displacement current. 

26. State Maxwell's reformulation of Faraday's Lav;. 

27. State Maxwell's additional law. for time-varvinc electric fields. 

28. Infer e lectrorr^agnet i c waves f rom Maxwe 1 1 ' s Lav;s. 

29. Note Hertz's d i s cove ry of Maxv;e 1 1 i an waves.; 

30 Exanine the range oF the soectrum. of el ect-^o-aqnet » c waves 

31. Discuss critically the search for an extens^on of the fialilean 
Pripciole qF Relativity to electromagnetic oheno-''ena . 
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^UGGE:.TED conditions given for COMf^LETING OBJECTIVES 



T - lexl (listed lor soecial cfiiphnsis only) 

E - laboratory exoeriment 

F - f i 1 m 

L - lecture, discussion 

D - demons t rat i on 
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COURSE OUTLINE 

I . Scope of Course 

A. Background of electric arid magnetic effects 

B. Classical electricity and magnetism 
1 . L i mi ta t i ons 

2. Non-cuantum mechanical descriptions 
i I . Elect rostati cs 

A . Exoe r i men t a 1 obse rva t i ons 

B. Existence of electric charge 
o C. Coulomb experiment 

D . The electricfield 

E. Electrostatic energy, potential 
III. Cha rges, i n Mot i on 

A. Steady currents 

B. Electric circuit laws and components 
IV. Elect romagnet i sm 

A. The magne tos ta t i c field 

B. Oersted/Ar,r»ere' ex::er iments 

C . The. Piagne tic vec tor force 1 aw 
0. Electromagnetic induction 

1 . Faraday induction exoeriment 

2. Practical aoolications and Lenz's Law . 
. F. Electromagnetic waves 

1. Faradav. Rotat ion exoeriment 

2. Maxwell's relations 
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COURSE OUTLINE 



(Cont i nued) 



a . 

b. 



c . 



Displacement current 
Maxwe 1 1 ' s Field Laws 
Prediction of electromagnetic waves 



He r.tz ' s exper i men t 



Spec i a I re I a t i v i ty 



PROCEDURES 

The f undamen ta I ■ i deas to be presented in the -^ourse are: 

1. existence of electric charge and c-zfrent 

2. " re I a t i on be twee.n electric current and the magnetic field 

3. e lect romagnet i c- i nduct ion 
k. electromagnetic waves. 

Hence the four areas of crucial objectives which. are to be stressed are: 
1. 3, 10 (and a discussion of Volta's battery) 



An individual course is to be des i cned around these ke / oh jec 1 1. yes , the 
completion of wh i ch i s requ i red , w i Ih the erchab'S on the remaining 
suoDort i ve ob j ect i ves at the d i sc re t i on of the t eache r . 



20, 2.1 



23, 28, 29 



r 



ERIC 



.6 



LABORATORY ACTIVITIES 



(Cont i nued) 



36. Inductance in A-C Circuits (0. 122) 

37. Series Resonance (p. 12^) 

38 . The rmi on i c Emi ss i on (d . 126) 

39. Diode Characteristics (p. 128) 
^0; .Triode Characteristics (p. 130) 
4]. Voltage Amplification (p. 133) 



f^lLMS AVAILABLE FROM DADE COUNTY AUDIOVISUAL CENTER 



. 1 . Cou lomb ^orce Cons tant 
AV# 1.-30301 , 34' , B/W 

2 . Coulomb's Lav; 

AV# 1-30298, 28' , B/V . 

3 . Counting Electrical Charges in Motion 
AV# 1-10755, 20' , B/W • 

4. E lect r i c >^ t e Ids 

AV# 1-30271 , 24' , B/W- 

5 . Electric Lines of Force 

AV# 1-01907, 7' , B/W * ■ 

6 . Electrical Potential Energy and Potential Di f ference . (Part ?) 
AV# I-303O8, 30' , B/W 

7. Electrical Potential Energy and Potential Difference (Part li) 
AV# 1-30311 , 24' , B/W ^ ^ ~ ^ " 

.8. Elect romaqnet i c Waves 
, Av# 1-30294, 30' , B/v7 

9. Electrons in a Un if o^r? Magnet i c Field ^ , 
AV.t' 1-01315, 10' , S/W 

10. Elementary Charrres and the Transfer of Kinetic Energy 
. Ml 1-30304, 25' , B/W ^ " ■ 

ii:'..EKF • 

AV# 1-10759, 19' , B/W 



ll.Mr. /»VA1LAIU.E H'.OM UAUE LOUNTV AUDIOVISUAL CENTER (Conlinuecl) 



1 2 . Magnet Laboratory, A. 
AV# 1-10772, 20' , B/W 

1 3 . Mass of the Electron 
AV# 1-10763; 18' , B/W 

1 'l. M i 1 1 i kan Expe r i men t 

AV# 1-3031^, 30' . B/W 



REPORTS 
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Hertz 
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Research tooic (virtually an unbounded list, tycical of which would be): 

]k. Sola- Wind 

15- Millikan Experiment . . 

16. Kirchoff's Circuit Laws 

17- The Transformer 

18. Electric Generators 

19. Amoere's Circuital Law 

20. The Faraday Rotat i on Expe r i '*^ent 

21. Electromagnetic Spectrum Aoo ! i cat i ons 

22. L i ght Pressure 



RESOURCES FOR TEACHERS 



Rolerence text for lurthef readincj: 

♦ Halliday, David and Resnick, Robert. Phys i cs : Nev; ^^ork: John v/i ley 

and Sons, Inc., I966. Chapters 26 through ^0. 

Numerous demonstration examples prefered by the teacher may be used, 
e.g. those found in 

Physical Science Study Committee. Phys i cs Teache r ^ s Resource Book and 
Guide , Part IV. Boston: D. C. Heath and Comoany , I966. 
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